The resolution of racemic 3-(methylamino)-1-(2-thienyl)propan-1-ol (3), a new key intermediate for duloxetine (1) 
Introduction
Up to now, many new and attractive techniques for the production of enantiomerically pure compounds have been reported. Among them, resolution via diastereomeric salt formation is still useful to produce enantiomerically pure compounds in an industrial-scale, since it is, in general, simple, clean, and easy to reproduce laboratory-scale data at an industrial-scale operation.
Duloxetine (LY-248686), (S)-(+)-N-methyl-3-(1-naphthyloxy)-3-(2-thienyl)
propylamine (1) , is expected to be not only a new potent antidepressant but also a 2 norepinephrine (NE) reuptake inhibitor, a 5-HT (serotonin) reuptake inhibitor and a new drug for stress urinary incontinence. 1 In order to produce a key enantiopure intermediate for the synthesis of (S)-1, various strategies have been proposed, such as the enantioselective reduction of 3-(dimethylamino)-1-(2-thienyl)propan-1-one 2 and 3-chloro-1-(2-thienyl)propan-1-one 3 with Li(ent-Chirald ® ) 2 AlH 2 and an oxazaborolidine catalyst, respectively, the enzymatic resolution of 3-chloro-1-(2-thienyl)propan-1-ol 4 using immobilized CALB (Novozyme 435, Novo-Nordisk A/S), and the resolution of 3-(dimethylamino)-1-(2-thienyl)propan-1-ol (2) 5 via diastereomeric salt formation. As a result, the resolution of (RS)-2 via diastereomeric salt formation with (S)-mandelic acid (4) has been selected for an industrial-scale production together with efficient supporting techniques such as racemization of the antipode. 6 Duloxetine (S)-1 is produced by the condensation of the chiral intermediate (S)-2 with 1-fluoronaphthalene, followed by demethylation with 2,2,2-trichloroethyl chloroformate and Zn. 2 However, there are some critical problems in this process, such as low yield and considerable decomposition to give impurities. Thus, a direct synthesis starting from (S)-3-(methylamino)-1-(2-thienyl)propan-1-ol (3) is expected to be a new route for the production of (S)-1. However, the resolution of (RS)-3 has not been reported so far.
We herein report the resolution of 3-(methylamino)-1-(2-thienyl)propan-1-ol (3) with (S)-mandelic acid (4), where water molecules play an important role.
Results and Discussion
In order to find out a suitable resolving agent for (RS)-3, typical acidic resolving agents such as (S)-mandelic acid (4), (R)-2-methoxy-2-phenylacetic acid (5), (R)-phenylpropionic acid (6), L-tartaric acid (7), and its dibenzoyl derivative L-8 and di-p-toluoyl derivative L-9 were examined by using EtOH as a solvent. The results
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are summarized in Table 1 . As can be seen from In sharp contrast, fine crystals with acceptable diastereomeric purity were obtained when water was used as a solvent (Table 2 , Entry 7). The spectral and elemental analyses revealed that the salt crystallized from water was monohydrated. These results suggest that water molecules would play an important role in making the less-soluble diastereomeric salt crystal stable as a result of the close molecular packing of (S)-3, (S)-4 and water molecules.
In order to improve resolution efficiency, namely to increase the yield of the less-soluble diastereomeric salt (S)-3･(S)-4･H 2 O without any deterioration of the diastereomeric purity, we examined the effect of water in ethanol in a range of 2-75% (w/w) water contents. The results are summarized in Table 3 . Table 3 shows that the diastereomeric purity increased and then decreased with decreasing water content, and finally no crystal was obtained. On the basis of this result, we considered that the presence of water in a solvent is essential to form (S)-3･(S)-4･H 2 O and that the three-component salt would be possible to deposit in a larger quantity from a solvent 4 less polar than ethanol. Thus, we carried out the resolution by using less polar alcohols in the presence of a small amount of water. The results are summarized in Table 4 . As shown in Table 4 , the highest resolution efficiency (E) was achieved, when 2-butanol containing two molar amounts of water was used as a solvent (Table 4 , Entry 8). The diastereomeric salt crystals, obtained in all resolution systems shown in Table 4 , contained an equimolar amount of water as a component. These results obviously revealed that water played a very important role to form stable diastereomeric salt crystals with satisfactory diastereomeric purity. The diastereomeric purity of the crude salt could be easily improved by recrystallizing it once from aqueous 2-butanol; the diastereomeric purity of the recrystallized crystals was more than 95%. The final product (S)-3 with more than 99.5% ee was obtained upon treatment of the recrystallized salt with aqueous sodium hydroxide, followed by extraction with 2-butanol and crystallization from toluene. The formation of this unique hydrogen-bonding network would arise from the structural feature that 3 is a secondary amine.
Conclusion
An efficient industrial resolution process of 3-(methylamino)-1-(2-thienyl)propan-1-ol (3), a new key intermediate for the synthesis of duloxetine, with (S)-mandelic acid (4) has been developed by using 2-butanol with a small amount of water as a solvent.
From an X-ray crystal structure analysis, the existence of a unique hydrogen-bonding network mediated by water molecules was confirmed; water molecules gave a space for the bulky N-Me group of 3. Absolute configuration of liberated (-)-3 was determined as (S)-form by X-ray crystallography.
Experimental Section
General. suspension at the temperature for one hour, the crystals were collected by a centrifuge and washed twice with 2-butanol for each centrifugation (68 L in total; centrifugation 6 times) to afford the crude salt (83.2 kg, 244 mol, yield 42%, 75% dp, E 63%). The crude salt was recrystallized from a mixture of 2-butanol (165 kg) and water (7 kg; 11 kg (611 mol) in total including water in the crude salt, 2.5 eq. vs the crude salt). The deposited salt was centrifuged, washed twice with 2-butanol (60 L in total; centrifugation 5 times), and dried at 50℃ to give pure (S)-3･(S)-4･H 2 O (66.1 kg, 194 mol, yield 79 %, 95% dp). 
